Aminooxyacetate induced excretion of glycolate from airgrown cells of Euglena gracilis in both air and 1% CO2 atmospheres. The rate of the excretion reached 70% of the photosynthetic rate in the air on a carbon basis, and was 10% in 1% CO2. The compulsory loss of photosynthetically fixed carbon as glycolate at the high rate in air in the presence of aminooxyacetate caused a decrease of the rate of synthesis of paramylon, the reserve polysaccharide. Analyses of the steady levels of photosynthetic intermediates showed that a decrease of the 3-phosphoglycerate level was the cause of the slow rate of paramylon synthesis under these conditions. The photosynthetic CO2 fixation enzyme, Rubisco,2 inevitably fixes O2 in the presence of 02. The resulting phosphoglycolate is hydrolyzed in the chloroplast to glycolate, the substrate of photorespiration. The rate of glycolate synthesis reaches 25 to 50% ofthe rate ofCO2 fixation in air atmosphere in the organisms, where Rubisco is the primary C02-fixing enzyme in photosynthesis (2, 5, 7, 20) .
The photosynthetic CO2 fixation enzyme, Rubisco,2 inevitably fixes O2 in the presence of 02. The resulting phosphoglycolate is hydrolyzed in the chloroplast to glycolate, the substrate of photorespiration. The rate of glycolate synthesis reaches 25 to 50% ofthe rate ofCO2 fixation in air atmosphere in the organisms, where Rubisco is the primary C02-fixing enzyme in photosynthesis (2, 5, 7, 20) .
Glycolate is metabolized via the glycolate pathway in C3 higher plants (8) . The glycolate pathway of Euglena gracilis consists of glycine and formate pathways (18) . The metabolic and physiological functions of the glycolate pathway have been deduced as follows, based on the metabolic sequence of glycolate (8) : (a) withdrawing 75% of the carbon from glycolate as PGA, (b) supplying CO2 to the PCR cycle, and (c) dissipating excess energy in chloroplasts in combination with the PCR cycle. Several studies have attempted to obtain direct evidence in higher plants for these hypotheses (3, 6 ) (see ref. 4 function of the glycolate pathway in these experiments. However, since any metabolite accumulated in excess in the presence of the inhibitors or in the mutants can affect growth and photosynthesis through influencing nonspecified steps (3), it is difficult for these studies to reach firm conclusions on the metabolic and physiologic functions ofthe metabolism. Elimination of the secondary effects of accumulated metabolites must be essential to obtain evidence for the hypotheses.
Euglena and algal cells excrete glycolate, unlike C3 plants, when its metabolism is inhibited. We have found that AOA induces the excretion of glycolate with a small accumulation of glycolate and glyoxylate in the cells of E. gracilis (13, 14) . Therefore, the metabolic study of the effects of AOA on photosynthesis in Euglena may lead to an understanding of the metabolic relationship between the glycolate pathway and the PCR cycle. This paper describes our results.
MATERIALS AND METHODS Organism
Euglena gracilis Z was grown photoautotrophically in Cramer and Myers medium buffered with 25 mM Mops-KOH buffer (pH 6.8) at 28°C (14) . The (14) . The Euglena cells collected as the pellet were immediately killed with 80% acetone, and Chl and paramylon were determined as previously described (12 (14) and green algae (9) to excrete glycolate produced photosynthetically. The induction of the excretion by AOA has been proposed to be due to an accumulation of a small amount of glyoxylate through the inhibition of the aminotransferase, since glyoxylate is a very potent inhibitor against glycolate dehydrogenase with a Ki of 10 /M, less than one-tenth of the Km of the dehydrogenase for glycolate (15) . AOA at 1 mm seldom influences photosynthesis (9, 14) , and inclusion of this inhibitor in the incubation medium for photosynthesizing E. gracilis gives us an opportunity to investigate the relationship between the PCR cycle and glycolate metabolism. Figure 1 A shows the effects of 1 mM AOA on the excretion of glycolate and on the photosynthetic accumulation of paramylon, the reserve polysaccharide in Euglena cells. The cells excreted glycolate at the rate of 8.7 ,mol -mg-' Chl * h-' in air and 7.0 ,mol.mg-' Chl.h-' in 1% CO2. These rates of the excretion correspond to the rates of synthesis of glycolate, because 1 mM AOA completely inhibits its metabolism (15) .
The photosynthetic 02 evolution rate of the Euglena cells was 24 ,umol-mg-' Chl-h-' in the presence of air levels of CO2 and 02. The rate of the entrance of carbon from the PCR cycle into the glycolate pathway as glycolate is calculated as 70% of the rate of the entrance of carbon into the cycle as CO2, if the photosynthetic quotient is unity. These values are quite reasonable, considering the relative specificity and cellular content of Rubisco in E. gracilis (16) . In 1% Co2, the percentage was 10%. This means that the loss of carbon from the PCR cycle in the air-grown cells at such a high rate may cause deletion of PCR cycle intermediates when the reentrance of carbon into the PCR cycle is inhibited by AOA.
The results of Figure 1B verify this conclusion. Paramylon was photosynthetically synthesized at the rate of 0.75 mg. mg-' Chl h-' in air, but the rate decreased to 0.35 mg.-mg-' Chl h-' in the presence of 1 mm AOA. The decreased amount of carbon in paramylon (177 ug-mg-' Chl h-') was near to the amount ofcarbon excreted as glycolate (209 ,ug-mg-' Chlh-'). Such inhibition ofparamylon synthesis was not observed in the 1% CO2 experiment. This indicates that the decrease of paramylon synthesis in air was not due to inhibition of metabolic step(s) in the PCR cycle or in the pathway of paramylon synthesis. It is rather reasonable to consider that the compulsory loss of carbon as glycolate at high rates in the presence of AOA may cause a shortage of some PCR intermediates. This was tested below.
In Figure 2 , we examined the effects of AOA and 02
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concentration on the levels of some intermediates of the PCR cycle during steady photosynthesis in the presence of various concentrations of NaHCO3. There was a stimulation of photosynthesis at low 02 concentration (10- (Fig. 1) , up to 80% of the carboxyl carbon of glycolate is oxidized to CO2 during its metabolism, and the remaining carboxyl carbon and the hydroxymethyl carbon are metabolized to PGA ( 19) by photosynthesis without its leakage from the cells (19) . Inhibition of the step of glycolate oxidation by AOA causes the Euglena cells to excrete glycolate compulsorily (14, 15) , and no glycolate carbon will be converted to the reusable forms of carbon, CO2 and PGA. This is the cause of a fall-off of the PGA level (Fig. 2) and ultimately of the rate of paramylon synthesis (Fig. 1) , both in the presence of AOA. In E. gracilis, the reserve polysaccharide, glycolysis, and the PCR cycle are highly connected; when illuminated in the presence of 100% 02, Euglena converts paramylon into excreted glycolate (12) . It has been proposed that paramylon is degraded to replenish the PCR cycle under the conditions where the synthesis of RuBP is impossible in the absence of CO2. Inversely, when reentrance of the carbon of glycolate to the PCR cycle through glycolate metabolism is blocked by AOA, the lowered level of PGA may be mainly used for the synthesis of RuBP, and, consequently, reduces the rate of the synthesis ofparamylon without a substantial decrease in photosynthesis (Fig. 2) .
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